A procedure to calculate probability limits for the inference that the absence of a taxon from a woodrat (Neotoma) midden implies absence from the paleolandscape uses paired samples of modern vegetation communities and paired samples of paleocommunities. Assumptions are: (1) each member of a sample pair is an independent measure of the same vegetation assemblage; (2) behavioral patterns of woodrats are the same as each midden in a paired sample is constructed; and (3) the probability of fossilization is zero when a taxon is absent from the vegetation. The procedure provides a logical test of data consistency: the upper probability limit of making a false inference should be greater than the lower limit. Averaged over 140 plant taxa, the upper and lower probability limits for a false inference were 11 and 7%, respectively. More than 70% of taxa passed the logical test, indicating a reliable procedure. For many taxa that failed the logical test, four potential explanations account for this failure, two of which can be solved by simply increasing sample sizes. Using analogous assumptions, the procedures are applicable to other types of stratigraphic sampling such as macrofossils from sediment cores or fossils from biostratigraphic units.
INTRODUCTION
When a particular fossil is found in a properly sampled and dated stratum, the fundamental tenet of biostratigraphy is that the organism was located within the area and was present during the time period represented by that stratum. However, when fossils of an organism are not found in a sample, we are not sure if that organism was truly absent from that time or locale or if that organism simply was not preserved. The ability to differentiate true absence from the vagaries of fossilization and sampling is critical for interpretation of the fossil record (Holland 1995) , such as when modeling biotic responses to climate change (e.g., Grayson and Livingston, 1993; Beck, 1996) or testing evolutionary theories (e.g., Boucot, 1996; Brett et al., 1996; McKinney et al., 1996) . Statistical techniques can assess the completeness of the fossil record (Foote and Sepkoski, 1999) , determine endpoints of stratigraphic ranges (Marshall, 1994; Solow, 1996) , and define community assemblages of taxa (Bennington and Bambach, 1996) , but these approaches generally require large data sets with accurate stratigraphic ranges to be used effectively.
In this paper, we describe a procedure to calculate the probability that the absence of a taxon from a stratigraphic sample provides reliable information about its absence from the paleolandscape. The concept is developed based upon plant macrofossils recovered from woodrat (Neotoma) middens in western North America and respective assumptions related to the construction of the middens. However, with broader definitions of terms and analogous assumptions, the procedure potentially is applicable to other paleobiological data sets, such as macrofossils from sediment cores or fossils from biostratigraphic units. We demonstrate the utility of this procedure by estimating the probabilities of making correct (true) and incorrect (false) inferences about the absence of more than 140 plant taxa from the paleolandscape.
METHODS, ASSUMPTIONS, AND MATERIALS
Four possible states exist concerning the presence or absence of a taxon in a stratigraphic sample and in the contemporaneous vegetation:
(1) true presence, denoted as (1,1), present in the stratum and present in the surrounding vegetation;
(2) false presence, denoted as (1,0), present in the stratum but absent from the surrounding vegetation;
(3) false absence, denoted as (0,1), absent from the stratum but present in the surrounding vegetation;
(4) true absence, denoted as (0,0), absent from the stratum and absent from the surrounding vegetation.
(Note that we use the term "vegetation" in this paper to indicate the plants within the specific geographic area around the midden from which the fossils in a midden sample are derived.) Although our concerns, as stated above, involve how to interpret absence from a stratum, the concerns from the perspective of probabilistic support are really the probability of making the correct inference (Popper, 1991) . A correct or true inference is made for the first and fourth states, i.e., for true presence and for true absence. Thus, the probability of a true inference, denoted as p (T) , is the sum of the probabilities for states (1,1) and (0,0), which are denoted p(1,1) and p(0,0), respectively: p͑T͒ ϭ p͑1,1͒ ϩ p͑0,0͒.
(
The false inference is made for the states of false presence and false absence; thus, the probability of a false inference, p (F) , is the sum of p(1,0) and p(0,1):
However, the theoretical value for false presence, p (1, 0) , is zero. For a fossil to occur in the stratum when it is absent from the vegetation, we must invoke extraordinary mechanisms, i.e., unknown events or ad hoc hypotheses. In practice, we recognize that unknown events occur, but their probability is negligible (otherwise, we would know them). Although false presence in the vegetation can occur if proper sampling procedures are not followed (e.g., different strata are mixed together), this scenario represents a sampling error rather than a true probability that the state (1,0) occurs. Given that p(1,0) is not detectably different from zero (i.e., unknown events are exceedingly rare), p(F) reduces to p͑F͒ ϭ p͑0,1͒.
As a robust test of these equations, two independent data sets were used that coetaneously estimated an upper limit and a lower limit for both p(T) and p(F). The first data set consists of 27 paired samples of the modern vegetation assemblage. One sample of each pair consists of the taxa present in a recent midden sample (radiocarbon date Ͻ200 yr B.P. or an uncemented midden sample), and the other is from our survey of modern vegetation within a 100-m radius of the midden. The 100-m survey is based upon studies of woodrat foraging (Wells, 1983; Betancourt et al., 1986) . The underlying assumption for pairing samples is that each sample is an independent measure of the same vegetation assemblage. The frequency of each of the four possible states is computed for each individual taxon by summing across all paired samples then dividing by the total. If we assume that each frequency estimates the probability for each respective state, then p(T) is computed from Eq. (1) and p(F) is computed from Eq. (3). However, the observed frequency of false presence (i.e., present in the recent midden material but not observed in the vegetation) may be detectable for some species. Unknown events or ad hoc hypotheses do not need to be invoked for this scenario to occur. Rather, the false presence can be explained by differences in how woodrats and people sample the vegetation. Woodrats sample the vegetation both over a period of many years (Thompson, 1985 (Thompson, , 1990 ) and potentially with a more complete exploration of the area. In contrast, our observations generally are made at one time with a more limited coverage of the potential source area. For example, a number of short-lived species were not observed near one of our previous midden locales during a series of drought years but were observed during a single wet year (Nowak et al., 1994a) . Thus, these spatial/temporal differences in vegetation sampling between woodrats and people may result in a detectable frequency of false presence. If we assume that these occurrences of false presence represent ambiguous cases (i.e., they may represent unknown events or they may represent human sampling errors), then Eq. (3) underestimates the value of p(F) and represents the estimated lower limit of p(F) (probability estimate 4 in Table 1 ). On the other hand, if all occurrences of the false presence were due to human sampling errors (i.e., if we had sampled better, we would have found the species in the vegetation), then p(1,0) should be added to p(1,1) before Eq.
(1) is used with the paired samples of modern vegetation to calculate p(T). This revision represents the estimated upper limit for p(T) (1 in Table 1 ).
The second data set utilizes 35 paired samples of paleovegetation, where each pair of midden samples was from the same locale and had similar radiocarbon dates (i.e., the standard error bars associated with the radiocarbon dates overlap). As with the modern samples, the frequencies of four possible states are computed across all these pairs of fossil middens for each individual taxon and are used as probability estimates for each state. Before p(T) and p(F) are derived, two assumptions need to be explicitly stated: (1) each pair of fossil midden samples represents two independent samples of the same paleovegetation assemblage, and (2) behavioral patterns of the woodrats were similar as both middens were constructed. Given these assumptions, we expect that if a species is present in one sample of the pair, it should also be present in the other. Likewise, if the species is absent from one sample of the pair, it should be absent from the other. These states are directly analogous to true presence and true absence, and even though we do not have direct observations of the vegetation, the frequency of these states are estimates of p (1,1) and p(0,0) . Unfortunately, cases where the taxon occurs in one member of the pair but not in the other are ambiguous. These ambiguities ABSENCE OF TAXA ON PALEOLANDSCAPE may represent either one of the false states (i.e., false presence or false absence) or errors due to false assumptions (e.g., the vegetation did change between the deposition of the strata and thus our assumption of the same vegetation is false, or large variations in woodrat behavior, such as feeding preferences, occurred). Because the sampling techniques are designed to minimize stratigraphic sampling errors (Spaulding et al., 1990; Nowak et al., 1994b) , sampling error is assumed to be negligible. Thus, the estimate of p(T) computed from the fossil midden data using Eq. (1) underestimates the true value of p(T) because some of the ambiguous cases should have been state (1,1), and these sample pairs represent the estimated lower limit for p(T) (probability estimate 2 in Table 1 ). For the paired samples of paleovegetation, Eq. (2) must be used to compute p(F) and represents the estimated upper limit for p(F) (3 in Table 1 ).
Two issues need to be addressed concerning the underlying assumption that paired samples represent the same vegetation. First, we explicitly define "vegetation" for woodrat middens as those plants located within 100 m of the midden, with the unstated assumptions that woodrats forage that far but no further and that this value is the same among all animals. Although 100 m is reasonable given previous studies of woodrat foraging behavior (Wells, 1983; Betancourt et al., 1986) , we need to consider whether an error in this assumption leads to systematic biases in the results or simply increases random sampling error. Systematic bias invalidates our technique, whereas increased random error influences the sample size needed to get a valid result. Our method already takes into account the potential scenario where woodrats sample beyond 100 m and a plant only exists at distances greater than 100 m from the midden. This scenario results in a false presence, and as indicated above for the paired samples of modern vegetation, we treat these as human sampling error and use this information to estimate the lower limit for p(F). Nonetheless, this scenario is unlikely to exist because the odds of a particular plant species always lying just outside 100 m from the midden for the 10-to 100-year period of midden stratum construction at all of the midden locales is effectively zero. Similarly, the potential scenario that leads to a false absence (i.e., woodrats never forage to 100 m and a particular plant species always exists outside the foraging range but within 100 m of the midden) is also unlikely to occur. Interestingly, the problem of defining "vegetation" is less severe for the paired samples of paleovegetation because we simply need to assume that the geographic area sampled by woodrats was the same size for both midden samples of the pair. Thus, our definition of vegetation likely affects sampling error, but it does not lead to systematic error.
The second issue regarding paired samples representing the same vegetation concerns variations in vegetation throughout time caused either by natural processes or by impacts of historical land use. Because each member of a sample pair does not represent exactly the same time period, a directional change in vegetation potentially could result in a systematic error. Our technique already incorporates the scenario where a species has been lost due to historic land use changes, i.e., the state of false presence, where a plant is present in a modern midden but not in our modern vegetation survey. Furthermore, our technique also accounts for vegetation changes between each sample of paired paleovegetation middens, i.e., the states of false presence and false absence are summed to estimate the upper limit of p(F). Although the scenario of a false absence for paired modern samples, i.e., a species invaded the landscape after midden construction was completed, is a realistic concern, our results do not indicate a systematic error for all species (see Graminoid Herbs section below). A factor in our study that helps reduce the potential for systematic error is that the mean difference in age between paired samples is approximately 80 yr, which is within the decades-to-century time integration that occurs during construction of a midden stratum (Thompson, 1985 (Thompson, , 1990 . Hence, the time period represented by each sample of a pair overlapped for most paired samples, and a directional change in vegetation is more likely to increase sampling error than to introduce a systematic bias.
A list of sample locales, midden identification numbers, and radiocarbon ages is archived with Academic Press. In addition, the complete data sets for 4 taxa (Amsinckia tessellata, Chaenactis douglasii, Cordylanthus ramosus, and Cordylanthus spp.) are also archived with Academic Press to provide detailed examples of our data analyses. a Sources of data and equations used to calculate probabilities of true, p(T), and of false, p(F), inferences for plant macrofossils retrieved from woodrat middens: p(1,1) is the probability of an individual taxon being present in both samples that comprise a pair; p(0,0) is the probability of absent in both samples; p(1,0) is the probability of present in the first sample but absent in the second; and p(0,1) is the probability of absent in the first sample but present in the second.
RESULTS

Tree Taxa
Estimates of the upper and lower limits for p(T) and p(F)
were computed for 20 tree taxa that were present in both modern and paleovegetation samples. Of these taxa, four species were relatively abundant in both data sets (i.e., occurred in at least 15% of the pairs in each data set; Table 2A ). Pinus monophylla and Juniperus osteosperma occurred most frequently in the pairs. The occurrence over all four species and over both data sets averaged 39% of the sample pairs (Table  3A) . Lower probability limits for a true inference were greater than 90% for these species. Upper probability limits for a false inference were less than 10% for all relatively abundant species and low (less than 3%) for two species (Cercocarpus ledifolius and Juniperus osteosperma). Averaged over all four tree species, the mean probability of a false inference was less than 5%. For these relatively abundant trees, the upper probability limit was greater than or equal to the lower limit, as would be expected from logic. This simple, logical test of the internal consistency of the results indicates that these probability estimates are reliable for all four species. Given that the upper limit for p(F) was between 0 and 10% for the trees and that the methodology provides reliable probability estimates, we conclude that the inference "absent from a particular woodrat midden implies absence from the paleovegetation" is false less than 10% of the time for these abundant tree species.
Eleven tree species occurred, on average, in only 7% of the paired vegetation samples (Tables 2B and 3B) , and some plant specimens could only be identified to the genus or family level (Tables 2C and 3C ). As with the more abundant tree species, the estimated probability of a false inference was less than 10% for all these relatively rare tree taxa. However, three species (Juniperus occidentalis, Populus tremuloides, and Salix scouleriana) failed the logical, internal consistency test that the upper probability limit is greater than or equal to the lower limit. Upon close inspection of the data, we noticed that one member of a pair may have plant specimens identifiable to the species level, but the other member would have specimens only identifiable to a higher taxonomic level. Thus, a potential explanation for why these three species failed the logical test was that the genus/family-level specimens actually were the respective species but could not be identified to the species level because they lacked sufficient diagnostic characteristics. To test this potential explanation, we recalculated the probability limits for these species assuming that the genus/family taxa represented specimens at the species level. For both Juniperus occidentalis and Salix scouleriana, the recalculated upper and lower limits for p(F) were 0.000; thus, both species now passed the logical test. For Populus tremuloides, the probability estimates did not change with the recalculations, and the logical test still failed for this species. Thus, limits in our ability to identify some plant specimens introduces some uncertainty in the procedure for at least some species.
Shrub Taxa
Thirteen shrub species were relatively abundant in the data and occurred on average in almost half the sample pairs (Tables 2D and 3D). Mean values of upper and lower limits of p(F) for these shrubs were greater than those for trees, and two species had a lower limit for a false inference over 20%. Averaged over all the abundant shrub species, the probability of a false inference was between 10 and 20%. Two species (Holodiscus dumosus and Tetradymia glabrata) failed the logical test. For Holodiscus, the upper and lower probability limits were close to each other, and a single change of a false absence to either a true absence or a true presence would be sufficient for Holodiscus to pass the logical test. Thus, the logical test for this species seemingly failed due to random chance, and additional sample pairs would likely resolve the probability estimates.
Thirteen shrub species were relatively rare in either one or both sets of samples (Table 2E ). The probability limits for these species were greater than those of the abundant species, and only Eriogonum microthecum had a value for p(F) greater than 20%. However, only half of these species passed the logical test (Table 3E ). For five of the six species that failed the logical test, their occurrence in paleovegetation samples was less than 10% and was also less than half that in modern samples. Thus, the probability estimates based on the modern vegetation sample pairs (i.e., p(T) upper limit and p(F) lower limit) are more reliable than those based on the paleovegetation sample pairs because of the greater sample size. Additional paleovegetation sample pairs are needed to make better estimates of the lower limit of p(T) and the upper limit of p(F). For the sixth species that failed the logical test (Petrophyton caespitosum), its occurrence in samples was less than 5%, and the upper and lower limits were so close in value that a single change between true and false inference would change the logical test from failure to pass. Because the logical test for Petrophyton caespitosum seemingly failed due to random chance, additional sample pairs again would resolve the probability estimates.
Four of the shrub genus/family taxa were relatively abundant in the vegetation samples (Table 2F) , whereas three were relatively rare (Table 2G ). (Note that although live plant specimens of the genera Chrysothamnus and Ephedra can be distinguished to the species level, plant specimens from middens cannot be readily differentiated; thus we pooled the speciesand genus-level data.) Chrysothamnus and Ephedra occurred in at least one member of 70 -100% of the sample pairs and had a probability of a false inference between 10 and 30%, which was similar to that for many of the most abundant shrub species. Only one of these seven taxa (Epilobium spp.) failed the logical test. Like many of the rare shrub species, Epilobium spp. occurred much more frequently in modern samples, suggesting that additional paleovegetation samples are needed to make more reliable estimates of the upper limit for p(F). 
Dicot Herb Taxa
Six dicot herb species were relatively abundant, and twentytwo were relatively rare in the vegetation samples (Tables 2H  and 2I ). The lower limits of a false inference were similar between these two groups and averaged less than 5% (Tables  3H and 3I ). However, the upper limit of a false inference for abundant dicot herbs averaged twice that of the rare species. Over 80% of the dicot herb species passed the logical test that the upper probability limit is greater than or equal to the lower limit. Of the four species that failed the test, three species (Chaenactis douglasii, Cordylanthus ramosus, and Smilacina stellata) had nearly identical upper and lower limits and thus likely failed the test due to random chance. The other species (Stephanomeria spinosa) was much more abundant in modern samples than in the paleovegetation samples. For all four species, additional samples would likely help resolve the probability estimates. The importance of additional sample pairs also is suggested by data for Cordylanthus ramosus. An additional 8% of the paleovegetation pairs had plant specimens that could only be differentiated to the genus level. If we assume that the Cordylanthus spp. specimens are actually Cordylanthus ramosus and pool these data, then the upper limit of p(F) increases to 0.086 and the taxon passes the logical test.
The probability of false inferences for abundant dicot herb genus/family taxa was relatively high and averaged between 10 and 30% (Table 3J ), whereas that for relatively rare taxa averaged less than 10% (Table 3K) . Five genera (Cryptantha, Galium, Phacelia, Polygonum, and Stephanomeria) also contained other plant specimens that were identified to the species level and occurred in both modern and paleovegetation samples. Data for these genus/species can be pooled in two ways: (1) assume that the genus-level specimens actually were a particular species and recalculate probability estimates for the individual species; (2) pool all individual species with the genus-level data and recalculate probability estimates for the genus. Interestingly, the first method only slightly narrowed the difference between upper and lower probability estimates for an individual species because genus-level specimens often were in the same sample as species-level specimens. The second method also generally narrowed the difference between upper and lower probability estimates, except for Cryptantha spp. For Cryptantha spp., the upper limit of p(F) increased to 0.343 and the lower limit decreased to 0.111, and the genus then passed the logical test. In addition, twelve genera had plant specimens that were identified to the species level in modern samples only (data not shown). For five genera (Allium, Cirsium, Machaeranthera, Penstemon, and Utica), combining the modern-only data with the genus-level data had little effect on the probability estimates for the genera. For six genera (Balsamorhiza, Crepis, Descurainia, Gilia, Lepidium, and Lupinus), pooling the modern-only data with the genuslevel data narrowed the difference between the upper and lower probability estimates. For the last genus (Eriogonum), including modern-only data greatly increased the lower limit of p(F) to 0.593 and caused the logical test to fail.
Graminoid Herb Taxa
Graminoid herb species had the greatest lower limit of a false inference as well as the highest percentage of species that failed the logical test (Tables 2L, 2M , 3L, and 3M). At the genus/family level, probability estimates for graminoid herbs were similar to those of the other growth forms, but over 40% of the taxa still failed the logical test of data consistency (Table  3N ). These greater probability estimates at higher taxonomic levels suggest that our inability to differentiate among species for the fossil material may be a major reason that so many graminoid herbs failed the logical test. Random chance and small sample sizes for paleovegetation also likely account for some data inconsistencies. Regardless of the reason, our ability to make inferences about the absence of graminoid herbs from the vegetation when they are absent from a midden sample is low for many graminoid taxa. For example, even for Oryzopsis hymenoides, which occurred in almost 80% of the sample pairs and passed the logical test, a false inference would be made over 30% of the time.
The occurrence of Bromus tectorum and the dicot herb Erodium cicutarium in "paleovegetation" samples initially seems incongruous, as these two species were introduced into North America by Europeans. However, all the midden samples that contained these species were less than 120 years old, which would be consistent with their recent and rapid invasions. For example, Mensing and Byrne (1998) documented that the range expansion of E. cicutarium near Santa Barbara, California, was so rapid that it actually preceded settlement by Spanish missionaries. These two taxa also provide insight about the potential for systematic errors between paired samples caused by directional changes in vegetation (see above). Both taxa potentially represent the scenario of a false absence for paired modern samples, i.e., species invaded the landscape after midden construction was completed. However, E. cicutarium passed the logical test and had a low probability of a false inference (Table 2I) . Thus, systematic error from directional changes in vegetation did not occur in all cases where we might expect it and, hence, did not compromise our assumption that paired samples represent the same vegetation.
DISCUSSION
We have demonstrated a reliable method to estimate the upper and lower limits for the probability of false inference on the absence of an individual plant from the paleolandscape when that plant's fossils are absent from woodrat middens. Averaged over all taxa, the probability of a false inference is between 7 and 11%. For some taxa, such as Juniperus osteosperma and Pinus monophylla, the probability of a false inference is even lower, in these cases between 0 and 6%. For other taxa, especially graminoid herbs, the probability of a false inference can be higher, in some cases greater than 40%. Our method also provides a simple, logical test of internal data consistency. Seventy-two percent of the taxa passed this test, indicating a high degree of reliability for the probability estimates. The method is especially robust for species that are relatively abundant. For all abundant species except graminoid herbs, 87% passed the logical test.
This procedure is also generally reliable for relatively rare taxa (i.e., taxa that occurred in less than 15% of the sample pairs). Fewer rare species passed the logical test than the relatively abundant species (74% for all rare species except graminoid herbs versus 87% for abundant). However, the mean lower and upper limits of p(F) for rare species (0.041 and 0.063, respectively) were less than those for abundant species (0.076 and 0.168), which suggests that the probability of making false inferences for rare species is lower than that for abundant species. The smaller estimates of p(F) for rare species seems, at first, counterintuitive. Because a rare species in the vegetation is expected to have a low abundance in the respective midden strata, the portion of each stratum actually sampled is unlikely to contain the species. Thus, the state of true presence, (1,1), is expected to be at least as rare as the state of false absence, (0,1). On the other hand, the state of true absence, (0,0), should be the most abundant state for rare species. Because the probabilistic support for making a correct inference includes both true presence and true absence, the sum of a low value p(1,1) plus a high value p(0,0) yields a number much greater than p(0,1). Thus, lower probabilities for rare species are rational.
For many of the taxa that failed the logical test of data consistency, we have presented three explanations for why they failed. First, some plant macrofossils lack diagnostic characteristics that allow identification to the species level. Consequently, we lacked definitive verification that the species was present in the second member of a paired sample, and the sample pair was incorrectly classified as false absence. Identification limitations appeared to be important for two tree species (Juniperus occidentalis and Salix scouleriana) and for a number of dicot and graminoid herb taxa. Pooling species-level and genus-level data often narrowed the difference between upper and lower probability limits and was sufficient for some taxa to pass the logical test. A second explanation for data discrepancies is random chance (i.e., the upper and lower probability limits are so close that a single change from false absence to true presence is sufficient for the taxon to pass the logical test). Random chance may be especially important for relatively rare taxa, as exemplified by the dicot herb Cordylanthus ramosus. As sample size increases, we expect that the upper and lower limits will converge toward the actual probability of a false inference. Thus, even though an abundant taxon may fail the logical test because of random chance, the estimates of a false inference may still be reasonable approximations of p(F). Third, some taxa occurred much more frequently in the modern vegetation samples than in the paleovegetation samples. In these cases, we expect that probability estimates based on modern vegetation data are more reliable than those based on paleovegetation samples, and additional paleovegetation pairs are needed to resolve the upper limit for a false inference.
A fourth explanation for why taxa failed the logical test may be the selectivity of woodrats against particular taxa. Woodrat middens generally are accurate representations of species richness in the animal's environment (Dial and Czaplewski, 1990 ), but not necessarily of their abundance. When woodrats select against a certain taxon, then we expect a high occurrence of false absences in the paired samples of modern vegetation (i.e., present in the modern vegetation survey but absent from the recent midden sample) but a low occurrence of false absences in the paleovegetation samples (i.e., equally rare in each midden sample). Hence, the occurrence of the taxon in the modern samples should be much greater than in the paleovegetation samples. Furthermore, the lower limit of p(F), which is derived from the modern sample pairs, should be much greater than the upper limit p(F), which is derived from the paleovegetation pairs. Some taxa that failed the logical test, such as the shrubs Eriogonum heermannii and E. microthecum and the dicot herb Stephanomeria spinosa, had data that fit this pattern. However, the extent that woodrats select against these taxa is unknown and requires additional studies. Thus, for taxa that are avoided by woodrats, the probability estimates derived from the modern sample pairs (i.e., upper limit p(T) and lower limit p(F)) are reliable, which is similar to the conclusion reached in the preceding paragraph for taxa that occur much more frequently in modern pairs, but we do not expect that additional paleovegetation pairs would help resolve the data discrepancy. If woodrats selected for a taxon, this effect should have only a small influence on probability estimates because: (1) our method is based upon presence/absence data rather than abundance, and (2) the method already accounts for the state of false presence.
Although inferential and statistical methods are available to evaluate gaps in the fossil record (Blatt et al., 1991) , our method has four advantages compared to existing techniques. First, the evaluation of a particular taxon is made independent of features derived from characteristics of the stratum, such as from the paleoenvironment or from association with other taxa. The only requirement for our method is that the pair of samples is representative of the same locale and time period. Second, accuracy of the probability estimates generally can be increased simply by increasing sample size. As sample size increases, the upper and lower probability limits for p(F), as well as those for p(T), converge (except for taxa that are selected against by the woodrats). Third, the methodology provides an internal consistency check of the results, which also highlights taxa that may need additional sampling. Finally, the procedure has high reliability for both relatively abundant and relatively rare taxa.
Our method can be applied readily to other types of stratigraphic sampling, such as the analysis of macrofossils from sediment cores or of fossils from biostratigraphic units. Typically, broader application will require broader definitions of terms and analogous assumptions. In an example of a broader definition, where we would use the term "vegetation" others would use the term "landscape" to indicate the biota within a specific geographic area from which the fossils in a stratigraphic sample are derived. Thus, the landscape for midden samples is the area within 100 m of the midden, but the landscape encompasses the area within 30 m of the pond's shore for conifer macrofossils from sediment cores (Dunwiddie, 1987 ). An assumption analogous to "behavioral patterns of woodrats are the same as each midden in a paired sample is constructed" is "depositional and compressional characteristics are the same for both stratigraphic samples." Clearly, our technique is most useful for extant taxa. For extinct species, the method does not provide an internal check of the results, but it is still useful because the worst possible cases (lower limit of true inference and upper limit of false inference) are estimated.
